Introduction 44
Because of their characters of great surface activity, chemical stability and hydrophobic and 45 oleophobic amphiphylic nature, perfluoroalkyl substances (PFASs) have been widely used in 46 various processes and products, including production of emulsifiers, surfactants, dust preventive, 47 upper cartridge accounted for more than 80% of the sum determined from both cartridges. 132
However, there were no internal standards detectable in the lower cartridge, indicting little 133 breakthrough for PFASs with Oasis WAX cartridge. The MDLs were determined by spiking with 134 400 pg internal standards in 1 L Millipore water which is pre-cleaned with Oasis WAX cartridge. 135
The MDLs were established at a signal-to-noise (S/N) of 10, which ranged from 0.02 ng L -1 (for 136 both PFDA and perfluoroundecanoic acid (PFUnDA)) to 0.14 ng L -1 for PFBA. Overall 137 recoveries ranged from 51±21% for [ 13 (Table S2) . 138
Concentrations were corrected for recoveries of IS in every sample. 139
Results and discussion 140

Spatial distributions and compositions of PFASs in eastern China 141
Concentrations of the 14 PFASs that were detected at concentrations greater than the MDLs 142 are given (Table S3-S4) . Only PFOA and PFHxA were detected in all the samples, while 143 perfluorododecanoic acid (PFDoDA) was detected in only two samples and concentrations of 144 perfluorodecane sulfonate (PFDS), perfluorotridecanoic acid (PFTrDA) and 145 perfluorotetradecanoic acid (PFTeDA) were below the MDLs. Here, the discussion focuses on 146 only the 13 PFASs, including C4, C6-C8 PFSAs, C4-C11 PFCAs and FOSA. 147
Concentrations of sum-PFASs in Shanghai and Kunshan ranged from 39 ng/L to 210 ng/L 148 (Table S4) , comparable with those in Shenyang (Sun et al., 2011) , less than those from Wuhan 149 (Wang et al., 2013) (Figure 3 ), two components were extracted from the composition data 163 from Zhejiang Province, Shanghai and Kunshan (n=39), which accounted for 58% and 14%, 164 respectively. PFHxA has high positive correlation with the second principal component (PC2). 165
Samples from some locations in Zhejiang Province (ZJ1-7, ZJ9, ZJ16-17) formed cluster 1, 166 which has high factor loading in PC2. This indicates these samples were more related with 167 PFHxA. 168
Sources of PFASs in Zhejiang Province 169
In Zhejiang Province, four reservoirs (ZJ13, ZJ18-19 and ZJ28), five lakes (ZJ1-2, ZJ10-11 170 and ZJ20) and twenty river samples (others from ZJ1-ZJ29) were investigated. The greatest 171 concentration of the sum-PFASs was 150 ng/L, found in the West Lake (ZJ1) in Hangzhou (Tabletaken , is more than the capacity of the sewage system, wastewater can spill out of sanitary sewers 176 and flow into the West Lake. Diffuse sources such as runoff are also an important potential source 177 (Ahrens, 2011). These can result in contamination of the West Lake with PFASs. 178 PFOA, PFHxA and PFBS were the most detected compounds in Zhejiang Province. According 179 to the composition profiles, locations ZJ1-ZJ11 were predominated by PFOA and PFHxA, while 180 from ZJ12 to ZJ29 PFOA was the dominant compound, followed by PFHxA and PFBS. Locations ZJ10 and ZJ11 are located in the inlets southwest of Taihu Lake, which is the third 204 largest freshwater lake in China. Previous studies of Taihu Lake (Table 1) 
Sources of PFASs in Shanghai and Kunshan 215
Locations SH1-Sh8 were from the Huangpu River in Shanghai, which is the largest river in 216
Shanghai and is responsible for more than 80% directly sewage discharges involving a large part 217 of industrial wastewater (URL 1). Concentrations of PFASs from Shanghai and Kushan 218 (KS1-KS2) were shown in Table S4 . Different from the situation in Zhejiang Province, only 219 PFOA predominated total PFASs with a mean concentration of 88 ng/L (Table S4) with a former study in Shanghai (So et al., 2007) , at the location (named SH3 in former study) 232 that is near location SH1 in this study, a decrease of PFOS and PFOA was observed (Table 1) , 233 confirming that restrictions for C8 compounds are functioning. 234
Mass loadings of PFASs to the East Sea 235
PFASs are expected to mainly remain in the water column and thus can be transported with 236 
Correlations of individual PFASs and influence factor analysis 269
Relationships among PFASs and identification of sources of PFASs in surface waters of 270 eastern China were investigated by use of pairwise correlations and factor analyses. Two regions, 271
Shanghai and Kunshan (n=10) and Zhejiang Province (n=29), were analyzed by use of Spearman 272 rank correlation analysis (Table S6) Province is likely the result of using PFHxA or ammonium perfluorohexanoate, APFHx as 300 replacements for PFOA or ammonium perfluorooctanoate, APFO in fluoropolymer 301 polymerization. PFHxA, also PFBS are considered to be less hazardous because of their lesser 302 acute toxicity and bioaccumulation compared to C8 compounds, such as PFOA and PFOS, but 303 they are as persistent in the environment as the longer-chain homologues. Thus, the current 304 increasing global production and use of these chemicals and their potential precursors will lead to 305 increasing widespread environmental and human exposure to these chemicals, more attention 306 should be paid to their ecological risk because of their increasing discharge volume and property 307 of long-range transportation by its precursors. It is important to remain vigilant that there are 308 uncertainties and knowledge gaps about the shorter chain homologues and that the long-term 309 accumulations of these products in the environment need to be assessed. This study * ZJ16 and ZJ17 directly collected from sewage outlets (inner and out sluice gate) were not taken into the calculation of mean concentration and the range of Cao'e River ** na = not analysed; nd = not detected; "-" not given in the literature 
